Background We sought to compare trends of suicide-related behavior (SRB) before and after initiation of antiepileptic drug (AED) therapy among AED users (with and without epilepsy) to that of individuals without AED use controlling for sociodemographic characteristics and mental health comorbidity.
Background
We sought to compare trends of suicide-related behavior (SRB) before and after initiation of antiepileptic drug (AED) therapy among AED users (with and without epilepsy) to that of individuals without AED use controlling for sociodemographic characteristics and mental health comorbidity.
Methods
We used national Veterans Health Administration (VHA) data for post-9/11 veterans who received VHA care (2013-2014) without prior AED use. We conducted generalized estimation equation (GEE) analyses, stratified by epilepsy status and type of AED received, to assess the trend of SRB prevalence the year prior to and after the index date (date of first AED prescription/date of first health care encounter for non-AED users) controlling for sociodemographic factors and mental health comorbidity.
Results
The GEE analysis showed significant curvilinear trends of SRB prevalence over the 24-month study period among the AED users, indicating that the probability of SRB diagnoses increased over time with a peak before the index month and decreased thereafter. Similar patterns were observed among non-AED users, but significantly lower odds for SRB. Among AED users, there were no significant differences by epilepsy status; however, higher SRB prevalence and differential SRB trajectory measures were observed among those who received AEDs with moodstabilizing action.
Conclusions
The peak of SRB prior to and rapid reduction in SRB after initiation of AED, and the finding that individuals eventually prescribed a mood-stabilizing AED (vs other AED or levetiracetam) had higher odds of SRB, suggests a strong possibility that the relationship of AED and SRB is one of residual confounding.
Although the Food and Drug Administration (FDA) has labeled all antiepileptic drugs (AEDs) as suicidogenic, only lamotrigine and topiramate of over 30 AEDs were associated with increased suicide-related behavior (SRB). 1, 2 The high prevalence of comorbid behavioral health issues in patients treated with AEDs suggests that these positive associations are sensitive to confounding by indication, preexisting mental health conditions, and medications received. 3 Thus, the association of SRB and AEDs is still a matter of debate and could affect care of patients receiving AEDs.
With increasing use of AEDs in other conditions, welldesigned prospective long-term studies of AED use among patients with epilepsy, pain disorders (e.g., headache, neuropathic pain), and psychiatric conditions are required to understand their causal role in SRB. Two prior longitudinal studies found that peak SRB was prior to exposure, suggesting that symptoms may prompt AED prescription. 4, 5 While work by Pugh et al. 4 focused exclusively on older veterans prescribed an AED without a control group, Hesdorffer et al. 5 examined SRB among incident epilepsy patients. Type of AED prescribed or the indication for use was not studied.
This study addresses these gaps by systematically examining the temporal relationship between SRB and AED exposure in previously deployed post-9/11 US veterans. We compared trends of SRB among those prescribed AED for epilepsy, for nonepileptic conditions, and without AED use while taking into account the risk for SRB associated with comorbid psychiatric conditions and concomitant medications. We also evaluated variation in SRB among individuals prescribed AED with a mood-stabilizing action vs other AED.
Methods
Data sources and population Using the roster of veterans who served in post-9/11 conflicts, we identified individuals who received care in the Veterans Health Administration (VHA) during fiscal years (FY) 2013 and 2014. To ensure accuracy in identifying comorbid conditions and medication use, we required that participants have at least 1 year of VHA care prior to the index date (the first AED initiation date during the study period among AED users and the date of the first visit to VHA care in the study period among non-AED users). For those who met inclusion criteria, we obtained information on demographic characteristics, diagnosis codes, types of care received, and specific medications dispensed from VHA outpatient and mail order pharmacies, using the national VHA inpatient, outpatient, and pharmacy benefits data.
Study design
We conducted a retrospective cohort study to compare the temporal trend of SRB outcomes 1 year before and after the index date among post-9/11 veterans between those with vs without AED exposure, using a new-user monotherapy design. This design was used to reduce survivor and chronology biases that occur in cohort studies with repeated exposures. 4, 6 Study measures Exposure to seizure medications VHA product names included in the VHA Pharmacy Benefits Management database were used to identify prescription of any of the following AEDs: carbamazepine, clobazam, clonazepam, eslicarbazepine acetate, ethosuximide, gabapentin, lacosamide, lamotrigine, levetiracetam, oxcarbazepine, perampanel, phenobarbital, phenytoin, pregabalin, primidone, retigabine, rufinamide, sodium valproate, tiagabine, topiramate, vigabatrin, and zonisamide. Individuals with a first (monotherapy) prescription for an AED dispensed from the VHA during FY13 and FY14 were included as AED users, with the date of the first AED dispensed as the index date. Those with use of AEDs prior to October 1, 2012, those who received new AEDs after the index date, and those prescribed multiple AEDs FY13-15 were excluded (figure 1). Individuals with no AED prescription during the study period were included as non-AED users, with the date of the first visit to VHA care during FY13-FY14 as the index date.
AED users were further grouped as those with epilepsy (who met the criteria for epilepsy using our previously validated epilepsy identification algorithm 7, 8 ) and without epilepsy. Individuals who were classified as having epilepsy by the algorithm eventually during follow-up period after the index date (n = 119) were excluded from the analysis. We further identified AED users as those who received an AED with known mood-stabilizing action (carbamazepine, oxcarbazepine, lamotrigine, and sodium valproate), levetiracetam (as it was described to be independently associated with psychiatric adverse outcomes), and other AEDs.
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Suicide-related behavior SRB was defined using ICD-9-CM codes (V62.84: suicidal ideation, E950-E958: suicide attempt, completed suicide, and self-inflicted injury 12, 13 ) in VHA inpatient and outpatient data files 1 year prior to and 1 year after the index date. We identified the date of all SRB episodes and identified SRB for participants as a dichotomous variable each month during the 24-month study period (1 for each 30-day period before and after the index date). Consistent with the procedure used in prior studies of SRB associated with medication use, the index date was included in the period 30 days prior to the index date. 4, 12, 14 A sensitivity analysis was also conducted including the index date in the period 30 days after the index date to determine the consistency of the results. For patients who died within a year after the index date, the monthly SRB indicator after the date of death was treated as censored.
Demographic covariates
Demographic characteristics including age (≤25 years, 26-40 years, and >40 years), sex, race/ethnicity (non-Hispanic white, black, Hispanic, other), and an indicator of poverty threshold (VHA means test: those with very low income do not have copayment 15 ) were obtained from VHA inpatient and outpatient data.
Clinical covariates
We developed indicators for conditions that have previously been associated with SRB such as depression, anxiety, bipolar disorder, posttraumatic stress disorder (PTSD), substance use disorder, and schizophrenia using previously validated ICD-9-CM code algorithms during the year prior to index date to control for baseline clinical characteristics in statistical models. [15] [16] [17] Clinical conditions that have been previously associated with AED use or SRB, including chronic pain conditions (migraine, back pain, neuropathic pain), traumatic brain injury (TBI), dementia, and a count of physical comorbidity (Selim Comorbidity index) were included as covariates in the analysis. [17] [18] [19] [20] [21] We also adjusted for indicators of psychiatric comorbidity severity/duration (e.g., prior prescription of antidepressant/antipsychotic medication, prior psychiatric hospitalization). 22 
Statistical analysis
We characterized the study cohort using descriptive statistics of patient characteristics and compared patient characteristics between AED users with epilepsy, AED users without epilepsy, and non-AED users with χ 2 statistics. To compare the trend of SRB between AED users and non-AED users over time, we used Generalized Estimating Equation (GEE) analysis that modeled the log-odds of SRB as a linear function of time and time squared, an indicator of AED exposure, 2-way interactions between AED exposure with time factors, and adjusting for covariates. To further determine if the difference in SRB trend between AED users vs nonusers differed before and after the index date, GEE models were refined by including an indicator to identify time period after the index date, and 3-way interactions among post index date indicator, time factors, and AED exposure indicators. To determine if SRB patterns vary by epilepsy status among AED users, we conducted similar GEE analyses to compare the SRB trend between AED users with and without epilepsy adjusting for covariates and inverse propensity score weights (IPSW) predicting epilepsy to balance baseline covariates between AED users with and without epilepsy. Finally, we conducted GEE analyses among AED users to determine whether SRB trends differed for AEDs with moodstabilizing action, levetiracetam, and other AEDs. We characterized the study cohort using descriptive statistics of patient characteristics and compared patient characteristics among AED users with epilepsy, AED users without epilepsy, and non-AED users with χ 2 statistics.
Standard protocol approvals, registrations, and patient consents This observational study received institutional review board approvals from the University of Texas Health Science Center at San Antonio and the Edith Nourse Rogers VA medical center including a waiver of informed consent as there was no contact with participants in this retrospective database study.
Data Availability
Anonymized data not published within this article will be made available by request from any qualified investigator.
Results
From the overall population of post-9/11 veterans seeking VHA care in FY13-FY14 (n = 507,793), 22,282 received new AED monotherapy (figure 1). Among AED monotherapy users, 255 met epilepsy criteria; 21,908 received AED for other conditions. Table 1 describes the demographic and clinical characteristics of the sample, which was primarily male with a mean age of 36.6 years (SD 10.1) and exempt for copay due to low income. There were significant differences in the proportions of demographic and clinical characteristics between AED users and non-AED users (table 1) . Compared to non-AED users, AED users were significantly more likely to be have mental health conditions, TBI, pain conditions, physical comorbidity, psychiatric hospitalization, and prescriptions for antidepressant/antipsychotic medications prior to the index date. Among AED users, compared to those without epilepsy, those with epilepsy had significantly higher rates of PTSD, anxiety, depression, substance abuse, cognitive diagnosis, chronic pain, TBI, physical comorbidity, and SRB before index date.
The GEE analysis revealed a significant curvilinear trend of SRB prevalence (on the log-odds scale) over the 24-month study period for AED users where the probability of SRB diagnoses increased over time before the index month and then decreased after the index month (figure 2 and see table e-1, links.lww.com/CPJ/A36 for GEE results). Similar curvilinear trajectory (i.e., increased SRB probability over time before the index month and then decreased after the index month) was observed among non-AED users, but with significantly lower likelihood of SRB throughout. The SRB probability trajectory was significantly different between AED users and non-AED users after balancing covariates (see estimates of interactions between time factors and AED exposure groups in table e-1). Indicators of prior psychiatric comorbidity, medication, and hospitalization were all significantly associated with increased odds of SRB (table e-1).
There were significant differences in the SRB trajectory measures before and after the index date in all the study groups, indicating the SRB trajectory was asymmetric around the index month (see estimates of 2-way interactions between post index date indicator and time factors in table e-1, links.lww.com/CPJ/A36). As shown in figure 2 , there was a steeper rate of increase in SRB probability 6 months prior to the index month than the rate of decrease in SRB probability 6 months after the index month. Although the change in the SRB trajectory measure before and after the index month was not significantly different among AED users with and without epilepsy, a significant difference existed between the AED users and non-AED users (see estimates of 3-way interactions among post index date indicator, time factors, and AED exposure indicators in table e-1).
Among AED users, GEE analyses found no significant differences in SRB probabilities over the 24-month period for those with and without epilepsy after balancing covariates using the IPSW (table e-2, links.lww.com/CPJ/A36). Examination of SRB trends by type of AED prescribed suggested that individuals prescribed AED with a mood-stabilizing action had a significantly higher likelihood of SRB and an asymmetric trajectory around index month compared to those receiving levetiracetam or other AED ( figure 3 and table e-3). No differences in the trajectory measures were observed between those receiving levetiracetam compared to other AEDs.
Discussion
The FDA's analysis and subsequent black box recommendation regarding SRB risk and AED was highly contested given the dependence on self-reported data, the lack of a systematic and prospective assessment, and the questionable validity of the measures used. 23 Consistent with this skepticism, there was no effect on the utilization of AED after the FDA report. 24 Since the FDA warning, several studies have been conducted to determine if specific AED have increased SRB risk, but results have been conflicting in that, while some studies have shown increased risk of SRB for certain AED, a similar number of studies have demonstrated a protective effect. 25, 26 Results of systematic reviews and meta-analysis of these existing studies also demonstrate considerable heterogeneity in these studies at the clinical and methodologic level. 26 This study addresses several gaps by comparing temporal trends in SRB in AED users vs nonusers controlling for baseline comorbidity, examining differences in SRB for AED users with and without epilepsy, and comparing SRB for different types of AED in the population of post-9/11 veterans in VHA care FY13-FY14. Similar to findings in studies of older veterans and civilians we There were significant differences in the proportions of demographic and clinical characteristics between AED users and non-AED users (table 1). Continued found that, compared to non-AED users, SRB was higher among those who received AED, but that difference was evident long before the initiation of AED therapy. 4, 5 These data have major implications for our understanding of the "link" between AED and SRB.
Findings from this study of relatively younger veterans are consistent with the results from our prior study of older veterans, in that the SRB patterns are similar in both populations. 4 The current study further adds to the results of the previous study by comparing the trends to a control group of Abbreviations: AED = antiepileptic drug; CI = confidence interval; PTSD = posttraumatic stress disorder; SRB = suicide-related behavior. X-proportions were suppressed for those categories with <11 individuals in the group. non-AED users and also examined separately the SRB trends among those prescribed AEDs for conditions other than epilepsy (a major portion of AED users) and those prescribed AEDs for epilepsy, thus adjusting for the risk of SRB due to epilepsy per se. These findings in different populations of veterans suggest that SRB is not temporally associated with initiation of AED treatment. SRB trends in our study were similar to those studies with antidepressant medications that also found that risk was highest in the month before the initial treatment (talk therapy or prescription), supporting evidence that suicide attempt or mental health concerns may prompt initiation of treatment. 12, 27 Similarly, our finding of reduction in risk after initiation of treatment is more consistent with decline in risk after initiation of treatment and probably reflects a relative improvement in depression rather than a specific effect of treatment on suicidality.
Several population-based studies and meta-analyses have found that suicide is an important contributor to the elevated mortality observed in epilepsy and that individuals with epilepsy have a higher risk of suicide, even when coexisting psychiatric disease, demographic differences, and socioeconomic factors were taken into account. [28] [29] [30] In a study of the Clinical Practice Research Datalink from the United Kingdom, Hesdorffer et al. 5 found that suicide attempts and recurrent suicide attempts were more common in patients with epilepsy compared to randomly selected controls, and that suicide attempts were associated with epilepsy even before epilepsy manifests. Our study found similar differences between patients with epilepsy and patients without AED exposure. However, among those with AED exposure, we found similar patterns of SRB among those with epilepsy and those for whom AED was prescribed for other indications, which suggests a role of preexisting mental health comorbidities, poor coping skills, or impulsivity in SRB. Given the significantly higher likelihood of psychiatric conditions that are associated with SRB in AED users, the finding of increased risk associated with eventual AED use suggests the possibility of residual confounding associated with underlying mental health conditions that cannot be adequately adjusted for with administrative data.
Due to the increasing use of AED in the management of pain, migraine, and certain psychiatric disorders, clinicians should be aware of the potential risk of and protective factors in preventing SRB and specific AEDs. [31] [32] [33] [34] Although only carbamazepine, valproate, and lamotrigine have FDA indication for the treatment of psychiatric conditions, virtually all new AEDs have claimed efficacy for some psychiatric symptoms or disorders. 33 Consistent with prior literature, our study found that the probability of SRB was higher among those receiving mood stabilizers compared to those receiving non-mood stabilizers; however, temporal patterns show that risk was higher even before the AED was dispensed. 14, 35, 36 Given the considerable CNS polypharmacy in the post-9/11 veterans, clinicians may prescribe medications that address multiple indications simultaneously. 33, 37 Our earlier finding of "rational polypharmacy" in post-9/11 veterans with epilepsy suggests this is common among veterans with epilepsy.
38 Figure 3 Likelihood of suicide-related behavior over time among antiepileptic drug (AED) users by type of AED received SRB risk declined significantly after the initiation of the treatment with mood-stabilizing AEDs, which is consistent with the study by Tsai et al., 39 which concluded that immediate or recent use of any mood stabilizer considerably lowers the rate of death, suicide, or suicidal behavior in bipolar disorder patients. The asymmetry of the SRB probability before and after the index date suggested a potential long-term effect of AED on SRB. The shallower slope of SRB after the index date suggests the gradual positive effect of AEDs on SRB. However, the slight increase in SRB for AED users without epilepsy suggests that a longer observation period may be useful to better understand the longer-term relationship of AED and SRB. The significant differential trend in the SRB trajectory among those receiving AEDs with mood-stabilizing action compared to those receiving other AEDs suggests that mental health and behavioral comorbidities play an important role in influencing these SRB patterns both before and after the initiation of AED therapy. Thus the confounding effect of these factors needs to be considered in evaluating the risk of SRB with AED therapy.
Limitations
Despite the strengths of the study, there are also limitations. Requiring that participants have at least 1 year of VHA care prior to the index date and excluding those with prior AED use guaranteed that no AED were prescribed within the VHA 1 year prior to index date; however, AED prescriptions from sources other than VHA may have occurred. Given that the vast majority of the veterans in this study (>80%) receive care and medications at no cost, they have major incentive to use VHA for medication. Thus, the study results can be reasonably generalized to the new monotherapy AED users in VHA care. Study data were collected for administrative purposes and hence sensitivity of identifying and ascertaining a psychiatric condition can be low, with a possible misclassification bias. Also, information regarding the severity of the psychological comorbidities was limited and thus can lead to residual confounding. Due to the study design, long-term consequences of AED use beyond 1 year and the effect of multiple AEDs were not evaluated. Finally, individuals with no follow-up visit were considered to have no suicidal episodes, which may lead to information bias.
In the veteran population, approximately 20 individuals complete suicide each day. 40 This study provides important information to guide clinicians. Consistent with literature suggesting a bidirectional relationship between SRB and epilepsy, we confirmed a finding from our prior study that SRB peaks prior to AED prescription. Thus, prevention efforts should focus on understanding patient mental health status and suicidal ideation on a regular basis. Furthermore, clinicians may be reassured that the large proportion of increased risk of suicide is preexisting to the initiation of AED therapy and should educate people with epilepsy and neurologic conditions accordingly.
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